
OPTICAL RECORDING/REPRODUCING 
APPARATUS FOR OPTICAL DISKS WITH 
VAWOUS DISK SUBSTRATE THICKNESSES 

BACKGROUND OF THE INVENTION 
Field of the Invention 
The invention relates to an optical disc apparatus 
which can record, reproduce, or erase information sig- 
nals onto/from both of an optical disc having a recor |. 
ing density similar to that of a conventional CD (com- 
pact disc) and an optical disc having a recording density 
higher than the above recording density. 
2 - Description of the Prior Art 

tJVn^T yCarS ' !f 3ddi "' 0n '° M °P ,icaJ disc a PP"a- 

Ii*e. an optical d.sc apparatus which can record and 
reproduce an information signal is actively being devei- 

Ordinary, the recording and reproduction of an 
informanon signal onto/from an optical disc are exe- 
cuted by converging a beam which is radiated from a 
semiconductor laser or the like onto a recording lav= r 
of the opt.cal d,sc by a lens. The recording lavlr here 
denotes a p,t layer in the case or a CD and is a laver in 
which a deformation, a change in optical constant, a 
formation of a magnetic domain, or the like is per- 
formed by a converged laser beam in the case of a re- 

In I a ° P(,C3J d!S= - T ° rai5C 3 '«°««n» density of the 
optical d.sc, ,t is necessary to reduce a spot diameter D 

of the converged beam. There is the following relation 
among the spot diameter D, a numerical aperture NA of 
tlie lens, and a wavelength X of the laser beam. 

ab ^ ve „ eqUaticn (I) deno,es that 'he beirn spot 
diameter D decreases by usi ng a lens of a large NA 

2 T^e^T N ^ UW h '' 8h dCnSity 

,io^r^ NA ° f th= le " S !ncreas «. however, an aberra- 
tion of the converged beam due to an inclination error 
ofthed.se called a tilt increases. Particularly, a coma 
aberrat.on .ncreases. There is the following relation 
among a wave front aberration W e of the coma, a tilt 
angle a, and NA when using a thickness d and a refrac- 
tive index n of the disc substrate. 
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The above equation (2) denotes that in the case of 
Uitng a lens or NA which is larger than that of the 
conventional lens, even if a tilt angie is identical, the 
coma aberration increases. It will be understood from 
the equation (2), however, that there is an effect to 
suppress the coma aberration by setting the thickness d 
Of the disc substrate to be thin. In the optical disc for the 
hjgti density recording, therefore, it is preferable that 
the thickness of the disk substrate is thinner than that of 
trie conventional optica! disc, so that an optica! head 
using an objective lens corresponding to the thin disc 
substrate is needed. 

On the other hand, even in the optical disc apparatus 
corresponding to the high density recording, it is prefer- 
able that (he conventional optical disc of a thick sub 



strate can be also reproduced so that a great amount of 
conventional software resources can be utilized. 

However, the optica] head which has been designed 
for a thin substrate caruiot be used for an optica] disc of 
a thick substrate. The reasons will now be described 
hereinbelow. The objective lens for an optica] disc has 
been designed so as to set ofT a spherical aberration 
which occurs when the converged beam passes in the 
disc substrate. Since such an aberration is corrected in 
accordance with the thickness of the disc substrate, the 
aberration correction is not accurately performed for 
the converged beam which passes through the disc 
substrate having a thickness different from the design 
vaJue. The above point wiJ] now be explained with 
reference to the drawing. FIGS. 18A and 18B arc sche- 
matic side elevationaJ views for explaining a situation of 
the occurrence of the aberration due to the disc sub- 
strates having different thicknesses. FIG. 18A is a dia- 
gram in the case of using an objective lens which has 
been designed for a thin disc substrate and shows traces 
of lights in a state in which a beam has been converged 
through the disc substrate having the same thickness as 
the design value. In the diagram, a broken line indicates 
the surface of a recording layer and all of the lights 
emitted from the objective lens arc converged to one 
point 0 on the recording layer surface. FIG. 18 B is a 
diagram in the case of using an objective lens which has 
beea designed for the same thin disc substrate as that of 
FIG. 18 A and shows traces of lights in a state in which 
the beam has been converged through the disc substrate 
having a thickness which is thicker than the design 
value. In FIG. 18B, the lights emitted from the outer- 
most peripheral portion of the objective lens are con- 
verged to a point O' on the recording layer surface. 
However, the light locating near the optical axis is con- 
verged at the front side. Such a phenomenon is calJed a 
spherical aberration. Whenever the term "aberration" 
is used hereinafter, it means spherical aberration. 

When such an aberration occurs, 
the objective lens cannot converge the Light beam until 
what is caJled a diffraction limit. Tnerefcre, in the case 
of using the objective lens whose aberration has been 
corrected for a thin disc substrate, an information signal 
cannot be recorded, reproduced, or erased onto/from 
an optical disc having a thick disc substrate. Similarly, 
in the case of using the objective lens whose aberration 
has been corrected for a thick disc substrate, an infor- 
mation signal cannot be recorded, reproduced, or 
erased onto/from an optica] disc having a thin disc 
substrate. 

SUMMARY OF THE INVENTION 

In consideration of the above drawbacks, it is an 
object of the invention to provide an optical disc appa- 
ratus which can record, reproduce, or erase information 
signals onto/from a plurality of optical discs in which 
thicknesses of disc subsLratcs axe different. 

To accomplish the above object, according to the 
invention, there is provided an optical disc apparatus 
for recording, reproducing, or erasing information sig- 
nals onto/from an optica] disc by converging light 
fluxes onto a recording layer through a transparent disc 
substrate, comprising: N converging means whose aber- 
rations have been corrected for N (N = 2) disc substrates 
having different thicknesses, respectively; disc discrimi- 
nating means for discriminating the thickness of the disc 
substrate of the optical disc which has been loaded and 
for generating a discrimination signal according to the 
result of the discrimination; and control means for se- 
lecting one of the converging means in which the oc- 



currencc of the aberration due to the disc substrate is 
smallest in accordance with the discrimination signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a constructional diagram of an optical disc 
apparatus according to the first embodiment of the 
invention; 

FIG. 2 is a plan view showing an arrangement of a 
main section of the optical disc apparatus in the first 
embodiment; 

FIGS. 3 A and 3B are perspective views of cartridges 
of opticaJ discs in the first embodiment; 

FIGS. 4A and 4B arc schematic diagrams showing 
cross sections of the optical discs and states of conver- 
gences by objective lenses in the first embodiment; 

FIG. 5 is a constructional diagram of an optical disc 
apparatus according to the second embodiment of the 
invention; 

FIG. 6 is a dcLaiied constructional diagram of opticaJ 
heads in the second embodiment; 

FIG. 7 is a constructional diagram of an opticaJ disc 
apparatus according to the third embodiment of the 
invention; 

FIG. 8 is a detailed constructional diagram of an 
optical head in the third embodiment; 

FIGS. 9A and 9B are a detailed constructional dia- 
gram of an optical head of an optical disc apparatus 
.according to the fourth embodiment of the invention; 

FIG. 10 is a cross sectional view showing optical 
discs whose substrate thicknesses are different and con- 
verging states by convergence grating couplers which 
have been designed in correspondence to the optical 
discs according to the fifth embodiment, respectively; 

FIG. 11 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus in the fifth embodiment; 

FIG. 12 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the sixth embodiment of the inven- 
tion; 

FIG. 13 is a schematic perspective view showing a 
construction of an optical head of an optica! disc appa- 
ratus according to the seventh embodiment of the in- 
vention; 

FIG. 14 is a block diagram showing a construction of 
the opticaJ disc apparatus in the seventh embodiment; 

FIG. 15 is a block diagram showing a construction of 
an optical disc apparatus according to the eighth em- 
bodiment of tlie invention; 

FIG. 16 is a schematic enlarged perspective view 
showing a convergence grating coupler of an optical 
bead, an SAW transducer, and a portion in which sur- 
face acoustic waves have been formed in the eighth 
embodiment; 

FIG. 17 is a characteristic diagram for explaining the 
principle of the tracking control in the eighth embodi- 
ment; and 

FIGS. 18A and 13B are schematic side elevational 
views showing occurring situations of aberrations due 
to disc substrates having different thicknesses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Embodiments of the invention will be described here- 
inbelow on the assumption that thicknesses of disc sub- 
strates are set to two kinds of thicknesses. 

FIG. 1 is a constructional diagram of an optical disc 
apparatus in the first embodiment of the invention. FIG, 



2 is a plan view showing an arrangement of a main 
section of the embodiment FIGS. 3A and 3B are per- 
spective v, cws of cartridges of optical discs in the em- 
bod tmeat. 

—J In FIGS. 1 to 3 A and/ 3B, reference numeral 1 de- 
I notes a first or second oJticaJ disc. Thicknesses of disc 
substrates of both of the first and second optical discs 
are different. Reference tumeraJ 2 denotes a cartridge 
which enclose the optical disc 1 and protects The 
cartridge 1 is made of plasties or the like. Reference 
numeral 3 denotes a flrsJ optical head and 5 indicates a 
second optical head. Eafch of the optica] heads is con- 
structed by a converging optical system comprising: an 
objective Jens; a semiconductor laser; a photo detector 
a beam splitter; and thJ like (ail of the above compo- 
nents arc not shown). Each of the optical head detects 
an information signal, i focusing error signal, and a 
tracking error signal wiuch have been recorded on the 
optical disc 1 on the b Jis of an intensity or an intensity 
distribution of the reflated lights of a laser beam irradi- 
ated onto the optica] disk 1 and generates a photo detec- 
tion signal to the outsi&e. An information signal is re- 
corded onto or erased from the optical disc 1 by modu- 
huing an intensity of thfe laser beam. Both of the optical 
heads have bases to hofid the above optical devices and 
actuators. A reproduction information signal, a focusing 
error signal, and a tracking error signal which arc gen- 
erated from the photo/detector of the first optical head 
3 are expressed by Si JF,, and T u respectively. Similar 
signals which are generated from the photo detector of 
the second optical diic 5 arc also expressed by S 2 F 2 
and T S , respectively! Reference numeral 4 denotes a 
first linear motor w&ch is arranged below the optical 
disc 1 and moves thfe first optical head 3 in the radial 
direcaon of the disc" in parallel with the disc surface. 
Reference numeral 6 denotes a second linear motor 
which is arranged b4iow the optical disc 1 so as to face 
the first linear motdr 4 and moves the second optica] 
nead 5 in a manner Is imilar to the firs: optical head 3 

As shown in Fl6. 2, the second linear motor 6 is 
extended until the further outside of the outermost pe- 
ripheral portion of the optical disc 1. Tnerefore, when 
the second optical head 5 moves to the outermost side 
the optical head 5 is projected from the lower surface of 
the optical disc. Reference numeral 7 denotes a discrim- 
ination hole formed oa the surface of the cartridge 2 

Tne cartridge in the embodiment wiil now be de- 
scribed with reference to FIGS. 3A and 3B. Tne dis- 
crumnation bole 7 is closed in the case where the optical 
disc 1 enclosed in the cartridge is the first opdcai disc 
shown m FIG. 3A and is open in the case where it is the 
second optical disc shown in FIG. 3B. Reference nu- 
meral 23 denotes a slide shutter. Since the optical disc 
apparatus of the embodiment has two optical heads, two 
sude shutters are provided. When the cartridges are 
removed from the optical disc apparatus, the slide shut- 
ters arc closed to protect the internal discs from duscs. 

Reference numeral 3 denotes a light emitting diode 
(hereinafter, abbreviated to an LED) which is arrang-d 
so as to be located over the examination hole 7 when 
the cartridge 2 has been loaded into the optical disc 
apparatus of the embodiment. Reference numeral 9 
denotes a photo diode arranged at a position so as to 

?!5 ^ LE ° 8 throu S h the cartridge 2. Tne photo 
diode 9 generates a detection signal to a system control- 
ler 22, which will be explained hcreinlater. Reference 
numeral 10 denotes a first selector for selecting either 
one of the first group of photo detection signals (St, F u 



«nd T,) oT the first opt.cal head 3 and the second sroun 
Of photo detection signaJs fS, P, «„ri T w VL 8 oup 
ODtical hMrt < .„/«■ 1 2 " J< d Tj) of the second 
optical head 5 and for outputting the selected signals 

Reference numeral II denotes a tracking control S 
Lo„. T' VCS ' he tr8Ckin 8 error si 8nal T, or T 2 from 

selector 12. which w>ll be explained hcreinlater. Fur- 

2 'eTth" " UmCraJ 12 dCn ° ,CS thc SCCOnd *'~Sr 

to select either an actuator of the first optica] head 3 or 

«o wS°tJ,e 1 'r 0 "' ° PtiCa ' h " d 5 " 8 d ^°" 
Dlied £r„ mg aCtUat ° r drivin 2 si S™' is sup- 

£Sit W hTc" r^fhi'f dcno,es a focusins ^ 

men receives (he focusing error sienal Ft nr 

c arsi sclec.or 10 and generates a rocusine actuator 
dnv,ng signal ,„ a third selector 14. which will bT« 

o7 £ S-S* ^ Sc!e=tiflg Ci,hcr th = -""-tor 

icSnr 8 d ?f matio " l ° w hich thc focusing 

lsTZ^T?* S ' 8na ' ' S SUpp ' icd - R = r "ence numeral 
15 denotes a hnear motor control circuit which sullies 

LdZTh H gnai , t0 3 hUnh K!eCt0r 16 ' which w«l S 

SriL h • S> ' ? COntrolle -' 22. which will be de- 
scribed hereiniater. Reference numeral 16 denotes the 
•fourth selector to sele-t either rh, ri„. r acnotes tn = 
the second linear ao % £ '£ 

circu.t 15. Reference numeral 17 denotes a spindle con- 

uon signal 5, or S : and generates a control curre-it to a 
spindle motor 18, which win be explained herein a te- 

nU ™V al 18 dcaot " ^e spindle motor to ' 
rotate he opt.cai disc 1. Reference numeral 19 denote! 
a signal processing circuit for executing signal : L™ff 

™ PU S ,'f 3i S ' 0r S2 ' for converting into an audio si CT al 

re-nrH 5 e " °' fo [ OU, P uttin S information signal Toe 
recorded onto the optical disc 1 to an LD dnVing c £! 

2 2 °'"'5 h Wfi ' bc "P' ained '-creinla.cr. R e " c - 
numeral 20 denotes the LD driving circuit to supply a ~ 

from the semiconductor lasers of both of th- optical 

herniate: r!*''^ M * «pE 

iV/for ,i Rcfer "ce numeral 21 denotes the fifth se- 
lector to swuch the output destination of the above 
dnv, ng current ,o either one of the firs? an5 se^nd 
Z 3 " d 5 !n a « 0fd -« -th a eon,™ s g 
nSin«ft ? y,,e °: L contro,ic - 22. which will be «. 
plained heremlater. The s^tem controller 22 gene-ato 

iehf "T S CUrT "' L° r 8lIOWin 3 the LED 8 JIZ "S 

d&eTandT' VeS ^ dCt=Cti ° n S '' SnaJ fr0ra thc P h ^° 

Son W 'n^f, 00 ";?' Si5naJs !o thc «c 'fifth 
selectors 10. 12, 14. 16, and 21. The system controller 22 

aJso generates control signals to the linear motor con- 
trol circuu 15 and the signal processing circuit 19. In 
S 12 Chl " g ,; CriDinals " «r» «o fifth selectors 

oy "J " and I 1 °" ^ rir,t hC3d Side " e d «iSnated 
oy A and those on the second head side are d«ic 
nated by "B" in the diagram. g " 

a 2nrH rSt ° P J iC3i - diSC i$ 3 CD 0r an °P ,ical dlsc having 
a recording density similar to that of the CD and a 

^clcness of ,h= disc substrate is set to d, as So"* * 

fho ' '" stanc =- wsuming that thc optical disc 

oodcTl d J G - 4A i$ 8 CD - d, = '- 2 mm - r "= ^=ond 
optical disc is an opdcaj disc which can e«cute a re- 



cording at a higher density than that of the first optical 
disc and a thickness of the disc substrate assumes d 2 as 
shown in FIG. 4B. To reduce the aberration of the 
converged spot due to a tilt error, the thickness d 2 of the 
second optica] disc is designed so as to be smaller than 
di- For example, d 2 =:0.3 mm. 

The first optica] head 3 has, for instance, a semicon- 
ductor laser of a wavelength of 7S0 nra and an objective 
lens of an NA of 0.45, so that the laser beam can be 
converged to a spot diameter <f> of about 2.1 M m. In 
addition, an optica] design of the objective lens has been 
made so as to correct the aberration by the disc sub- 
strate of the thickness d |. The second optica] head 5 has, 
for instance, the same semiconductor laser as that of the 
first optical head and an objective lens of an NA of 0.3, 
so that the laser beam can be converged until a spot 
diameter of i.2 /xm. Moreover, an optical design of the 
objective lens has been made so as to correct the aberra- 
tion by the disc substrate of the thickness d 2 . 

In Figs. 4A a nd 4B. respective focal distances 
FD and workim* distances WD are .shown. 
The operation of the optica] disc apparatus of the 
embodiment constructed as mentioned above wiil a0 w 
be described hercLnbeiow. 

First, the case where the cartridge 2 enclosing the 
second optical disc has been loaded into the optical disc 
apparatus of the embodiment will be described. When 
the cartridge 2 is loaded, the LED 8 emits the light and 
the photo diode 9 detects the presence or absence of a 
transmission light which passes through the discrimina- 
tion hole 7. As already described in conjunction with 
FIGS. 3A and 3B, since the discrimination hole 7 is 
open in the case of the second optical disc, the phoco 
diode 9 detects the transmission light and generates a 
detection signal to the controller 22. The controller 22 
determines that the disc in the loaded cartridge 2 is the 
second optica! disc, so that the controller 22 suppiics 
control signals to the first to fifth selectors 10, 12, 14, 16, 
and 21 so as to select the tcrminaJs B on the second 
optical head side. Thus, the semiconductor laser of the 
second optica] head 5 is selected as an output destina- 
tion of the driving current which is supplied from the 
LD driving circuit 20. The photo detector of the seccr.d 
optical head 5 is selected as an input destination of the 
tracking control circuit 11, focusing control circuit 13, 
spindle control circuit 17, and signal processing circuit 
19. The actuator of the second op'ticaJ bead 5 is selected 
as an output destination of the actuator driving sigr:ais 
of the tracking control circuit 11 and focusing control 
circuit 13. The second linear motor 6 is selected as an 
output destination of the driving current of the linear 
motor control circuit 15. 

Therefore, the second optical head 5 irradiates the 
laser beam and converges oAto an information track en 
the optical disc 1 witho/it an aberration. Simulta- 
neously, the second optica/ head 5 detects the reflected 
lights from the disc and s/ncratcs the information sig^a! 
S 2 , focusing error signa/F 2l and tracking error signal 
T 2 . Those signals are supplied through the first seiec:cr 
10 to the respective c/rcuits. That is, the signal S; is 
supplied to the spind/e control circuit 17 and sigrtai 
processing circuit 19/ The signal F 2 is suoplicd to the 
focusing control cixrfuit 13. The signal T : is supplied to 
the tracking control circuit 11. The tracking control 
circuit 11 produce/ the tracking actuator driving signal 
in accordance wifh the signal T 2 and supplies to the 
actuator of the s/cond optical head 5 through the sec- 
ond selector 12ythereby eliminating the tracking error. 
In a manner similar to the above, the focusing control 
circuit 13 also/produces the focusing actuator driving 
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signa] in accordance with the signal F 2 an/ supplies to 
the actuator of the second optical head ythxough the 
third selector 14, thereby eliminating the fZcusing error. 
The linear motor control circuit 15 generates the driv- 
ing current to the linear motor 6 in response to the 
control signal from the system controller 22, thereby 
moving the second optical head 5 in tdc inner or outer 
rim direction of the optical disc 1. Thfc spindle control 
circuit 17 extracts a clock component from the informa- 
tion signal Szand controls the spmdle/motor 18, thereby 
rotating the optical disc 1 at a constant linear velocity 
(CL V) or a constant angular vc\o<zit4{CAV) or the like. 
The signal processing circuit 19 Jtecutes signal pro- 
cesses such as demodulation, decoding, and the like to 
the information signal S2 in the reproducing mode and 
generates to the outside as audio or video signals or the 
liJce. On the other hand, the signal/ processing circuit 19 
executes signal processes such as Jncoding, modulation, 
and the like to the audio or vidfco signals or the like 
which have been supplied from/the outside in the re- 
cording mode and generates to/the LD driving circuit 
20 as a recording signal. Until the cartridge 2 is loaded, 
the second optical head 5 rec/ords or reproduces the 
information signal onto/from foe second optical disc 1. 
On the other hand, in the else where the cartridge 2 
f inclosing the firs: optical disd has been loaded into the 
optical disc apparatus of thfc embodiment, since the 
■discrimination hole 7 is ciosid, the photo diode 9 do- 
esn't detect the transmission/light. Therefore, the sys- 
tem controller 22 determinefe that the disc in the car- 
tridge 2 is the foregoing fist optical disc. Thus, the 
controller 22 generates corftrol signals to the first to 
fifth selectors 10, 12, 14, id, and 21 so as to select the 
terminals A on the firs: optifcal head side. Therefore, the 
semiconductor laser of the first optical head 3 is selected 
as an output destination of/the driving current which is 
supplied from the LD driving circuit 20, Tie photo 
detector of the first optica/ head 3 is selected as an input 
destination of the trackinfc control circuit 11, focusing 
control circuit 13, spindlsfcontroi circuit 17, and signal 
processing circuit 19. Tr/e actuator of the first opticai 
head 3 is selected as an cfaiput destination of the actua- 
tor driving signals of the/tracking contrci circuit 11 and 
focusing control circuit/13. Tne first linear motor 4 is 
selected as an output detonation of the driving current 
of the linear motor ccfitrol circuit 17. Tacrcfore, the 
first optical head 3 irridiatcs the laser beam and con- 
verges onto the inforrnttion track on the optical disc 1 
without an aberration^ Simultaneously, the reflected 
lights from the disc aie detected and generated as the 
information signal Sji focusing error signal Fj, and 
tracking error signal Ji. The above signals are supplied 
through the first selectors 10 to the respective circuits 
That is, the signal Sj/is supplied to the spindle control 
circuit 17 and signal/ processing circuit 19. The signal 
F\ is supplied to thd focusing control circuit 13. The 
signal Ti is suppiici to the tracking error detecting 
circuit 11. The subsequent operations are similar to 
those in the case of'the second optical disc mentioned 

X In the case wheae the objective lens of the second 
f optical head is a lenfe of a high NA and 3 shon operating 
distance, it is accessary to set an interval between the 
second optical head 5 and the surface of the optical disc 
1 to be fairly narrdwer than that in Lhe case of the first 
optical head 5. Thtrcfors, while the first optical disc is 
loaded, the controller 22 controls the second linear 
motor 6, thereby poving the second optical head 5 to 
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the outside of the disc surface as shown In FIG. 2. Due 
to this, it is possible to prev/nt that the objective lens of 
the second optical head 5/oIlides with the optical disc 
I due to a surface oscilla/on. 

As described above, according to the embodiment, 
by providing the first opticaJ head 3 and second optical 
head 5 having convergence optical systems correspond- 
ing to the thicknesses of the disc substrate of the first 
and second optical discs, the signal can be preferably 
recorded reproduced, or erased by the optical head 
suitable for the thickness of each disc substrate. More- 
over, by prodding the discrimination hole 7 formed on 
the cartridge 2 and the disc discriminating means com- 
prising the LED 8 to detect the opening/closure of the 
discrimination hole 7 and the photo diode 9, merely by 
loading the cartridge 2, each of the opticaJ heads can be 
automatically accurately selected. 

FIG. 5 shows a constructional diagram of an optical 
disc apparatus according to the second embodiment of 
the invention. In the diagram, the second embodiment 
diilcrs from the foregoing first embodiment with re- 
spect to a point that a third optical head 30 is arrang-d 
in place of the first and second opticaJ heads 3 and 5 and 
a point that the second, third, and fourth selectors 12 
14, and 16 arc omitted. That is, the tracking actuator 
driving current which is generated from the tracking 
control circuit 11 and the focusing actuator driving 
current which is generated from the focusing control 
circuit 13 are directly supplied to the third opticaJ head 
30. The driving current which is generated from the 
taear motor control circuit 15 is directly supplied to the 
first linear motor 4. 

Further, FIG. 6 shows a detailed cons traction ai dia- 
gram of the third optical head 30 in the second embodi- 
ment of the invention. In the diagram, reference nu- 
meral 1 denotes the first or second opticaJ disc; 32 a first 
semiconductor laser as a light source; 33 a first collimat- 
ing lens for converting a laser beam from the first semi- 
conductor laser 32 into a parallel beam; 34 first beam 
splitter to divide the beam into two beams; 35 a first 
mirror to change the direction of the beam; 26 a first 
objective lens to converge the beam onto the optical 
disc 1; 37 a first detecting lens to converge the reflected 
lights which have been divided by the beam splitte- 34- 
and 35 a first photo detector to obtain an information 
reproduction signal, a focusing error signal, and a track- 
ing error signal from the converged reflected lights 
The above components 32 to 38 construct a first con- 
verging opticaJ system 31. 

Reference numeraJ 39 denotes a lens holder to hold 
the first objective iens 36 and a second objective lens 46 
which will be explained hcreiniater. Reference numeral 
40 denotes an actuator to support the leas holder 39 
The driving currents arc supplied from the trackir.z 
control circuit 11 and focusing control circuit 13 to th- 
actuator 40. 

Reference numeral 42 denotes a second semiconduc- 
tor laser as a light source; 43 a second coUimating lens 
to convert a laser beam from the second semiconductor 
laser 42 into a parallel beam; 44 a second beam splitte- 
to divide the beam into two beams; 45 a second mirror 
to change the direction of the beam; 46 the second 
objective lens to converge the beam onto the optical 
disc 1; 4/ a second detecting lens to converge the re- 
fleeted lights which have been divided bv the second 
beam splitter 44; and 48 a second photo detector to 
obtain the information reproduction signal, focusing 
error signal, and tracking error signal from the con- 



verged reflected lights. The above components 42 to 48 
construct a second converging optical system 41. The 
above fust converging optical system 31, the second 
converging optical system 41, and the actuator 40 arc 
mounted on a same base member (not shown) and con- 
struct the third optical head 30. The base member is 
ordinarily made of aluminum or the like and is attached 
to the first linear motor 4. 

In a manner similar to the case which has been de- 
scribed in the first embodiment of the invention, for 
instance, the first objec:ive lens 36 is designed so that 
NA=0.45 and the aberration by the disc substrate of a 
thickness di is corrected. Tne second objective lens 46 is 
designed so that, for instance, NA=0.8 and the aberra- 
tion by the disc substrate of a thickness d 2 is corrected. 

The operation of the oprical disc apparatus of the 
embodiment constructed as mentioned above will now 
be described hereinbeiow. First, the case of the second 
optical disc will be explained. When the cartridge 2 is 
loaded into the optical disc apparatus of the embodi- 
ment, the LED 8 emits the light and the photo diode 9 
detects the presence or absence of the transmission light 
which passes through the discrimination hole 7. If the 
transmission light has be=n detected, the system con- 
troller 22 determines that the disc in the loaded car- 
tridge 2 is the second optica] disc, so that the controller 
22 selects the second converging optical system 41 of 
■the third optical head 30. That is, the system controller 
22 generates control* signals to the first and fifth selec- 
tors 10 and 21 so as to make the second semiconductor 
laser 42 and the second photo detector 45 operative. 
Tne laser beam emitted from the second semiconductor 
laser 42 is convened into the parallel beam by the sec- 
ond collimating lens 43. Tne parallel beam is converged 
onto the second optical disc 1 by the second objective 
lens 46 through the second beam splitter 44 and the 
second mirror 45. Tie laser beam reflected by the disc 
is again converted into the parallel beam by the second 
objective lens 46 and is separated from the optical axis 
by the second beam splitter 44 through the second mir- 
ror 45 and is converged onto the second photo detector 
48 by the second de:ec:ing lens 47. 
_ The second photo detector 4S produces the informa- 
tion signal, focusing error signal, and tracking error 
signal from the converged reflected light from the disc 
and supplies to the firs: selector 10. Tne actuator 40 
finely moves the lens holder 39 in the tracking and. 
focusing directions by the driving currents from the 
tracking control circuit 11 and the focusing control 
circuit 13, thereby accurately converging the laser 
beam onto an information track on the optical disc 1. 

Since the operations of the first linear motor 4, first 
selector 10, tracking control circuit 11, focusing control 
circuit 13, linear motor control circuit 15, spindle con- 
trol circuit 17, spindle motor 18, signal processing cir- 
cuit 19, LD driving circuit 20, fifth selector 21. and 
system controller 22 are substantially the same as the 
optical disc apparatus of the first embodiment men- 
tioned above, their descriptions are omitted here. 
_ On the other hand, in the case of the first optical disc, 
since the photo diode 9 doesn't detect the transmission 
light, the system controller 22 decides that the disc in 
the loaded cartridge 2 is the first optical disc mentioned 
above, so that the controller 22 selects the first converg- 
ing optical system 31 of the third optical head 30. That 
is, the system controller 22 generates control signals to 
the first and fifth selectors 10 and 21 so as to make the 
first semiconductor laser 32 and the first photo detector 
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38 operative. The operation of the first converging 
optical system 31 is substantially the same as that of the 
second converging optical system 41 mentioned above. 
Until the cartridge 2 is unloaded, the recording, repro- 
duction, or erasure of the information signal onto/from 
the first optical disc is executed by the first converging 
optical system 31. 

As described above, according to the second embodi- 
ment, in addition to the effect by the first embodiment, 
since the first converging optical system 31 and the 
second converging optica] system 41 axe mounted on 
the same base and construct the third optical head 30, 
the linear motor can be commonly used as a single part 
and the number of parts can be reduced. 

FIG. 7 shows a constructional diagram of an optical 
disc apparatus according to the third embodiment of the 
invention. In the diagram, the third embodiment diiTers 
from the second embodiment with respect to a point 
that a fourth optical head 50 is arranged in place of the 
third optical head 30 and a point that the first selector 10 
and the fifth selector 21 are omitted. That is, the photo 
detection signal which is generated from the fourth 
optical head 50 is directly supplied to the tracking con- 
trol circuit ll, focusing control circuit 13, spindle con- 
trol circuit 17, and signal processing circuit 19. The 
driving current which is generated from the LD driving 
circuit 20 is directly supplied to the fourth optical head 
50. 

Further, FIG. 8 shows a detailed constructional dia- 
gram of the fourth optical head 50 in the third embodi- 
ment of the invention. In the diagram, reference nu- 
meral 1 denotes the first or second optical disc; 32 the 
first semiconductor laser as a light source; 33 the first 
coilimating lens to convert the laser beam from the first 
semiconductor laser 32 into the parallel beam; 34 the 
first beam splitter to divide the laser beam into two 
beams; and 35 the firs: mirror to change the direction of 
the beam. Tne firs: objective lens 36 and the second 
objective lens 46 arc the same as those mentioned in the 
second embodiment of the invention. The first objective 
lens 36 is arranged between the first mirror 35 and the 
optical disc 1. Tne second objective lens 46 is arranged 
between the first beam splitter 34 and the optical disc 1. 
Moreover, as mentioned in the foregoing embodiment, 
the aberration of the first objective lens 3$ has been 
corrected in correspondence to the first optical disc 
having the disc substrate of the thickness dj. Tne aber- 
ration of the second objective lens 46 has been cor- 
rected in correspondence to the second optical disc 
having the disc substrate of the thickness d 2 . Reference 
numeral 51 denotes a first shutter arranged between the 
first objective leas 36 and the first mirror 35 and on the 
optical path which passes through the first objective 
lens 36. Reference numeral 52 denotes a second shutter 
which is arranged between the second objective lens 46 
and the first beam splitter 34 and oc the optical path 
which passes through the second objective Ices 46, The 
first and second shutters 51 and 52 open or close the 
optical paths by control signals from the system con- 
trollers 22, respectively. Reference numeral 37 denotes 
the first detecting lens to converge the reflected lights 
which have been divided by the beam splitter 34. Refer- 
ence numeral 35 denotes the first photo detector to 
obtain the information reproduction signal, focusing 
error signal, and tracking error signal from the con- 
verged reflected light. 

Among the foregoing component elements, the first 
objective lens 36 constructs the first converging optical 



system mentioned in the second embcrfnent of the 
fflvcjjuon together with the first semiconductor laser 
32 the first collimattng lens 33, the first bfeam splitter 34 
Md the Clrs \ mi ™ 35. The second o/jective lens 46 
constructs the second converging odfical system to- 
gether with the first semiconductor feser 32, the first 
collating lens 33, the first beam setter 34, and the 
first mirror 35 which are cotnmool Wused for the first 
converging optica] system. The fmt Jconvcrging optical 
system is mounted onto a commo/ base (not shown) 
together with the first and second/ shutters 5 and 52 
thereby constructing the fourth oj/tical head 50 Since' 
the leas holder 39 and the actuatir 40 have the same 
construction as those in the third JpticaJ head 30 in the 
second embodiment, their descripJons are omitted here 
The fourth optical head 50 is attained to the first linear 
motor 4. 

The operation of the optical disc apparatus in the 
embodiment with the above construction will now be 
descnoed hereinbelow. The kind of optical disc is de- • 
tected in a manner similar to the above. When the svs- ' 
tern controller 22 determines that the disc in the loaded 
cartridge 2 is the second optical disc, the controller 2~> 
generates control signals to the firs: and second shutters 
51 and 52 of the fourth optical head 50. When the con- • 
trol signals are supplied, the first shutter 51 is closed and ' 
the second shutter 52 is open. In the above state, the 
laser beam emitted from the first semiconductor laser 32 
u converted into the parallel beam by the first collimat- 
tng lens 33 and is divided into the transmission light and 
the reflected light by the first beam splitter 34. The ' 
transmission light is shut out by the firs: shutter 51 via 
the first mirror 35. Consequently, only the reflected 
light passes through the second shutter 52 and is con- 

lens 46. The hgh: reflected by the optical disc 1 is again 
converted mto tr.e parallel light by the second objective 
lens 46 and passes through the second shutter 52 and is 
reflected and separated by the first beam splitter 34 and 
u converged onto the first photo detector 38 bv the first ■ 
de.ectmg lens 37. lne first photo detector 38 generates 
he focusing error signal and tracking error signal from 
^ converged renewed light of the disc and reproduces 
the information signal on the disc. Tee above operations 
are executed until the cartridge 2 is unJoaded 

Since the operations of the firs: linear motor 4 track- 
ing control circuit 11, focusing control circuit 13, linear 
motor control circuit 15. spindle control circuit 17 
spindle motor 18, signal processing circuit 19, LD driv.' 
ing circuit 20, and system controller 22 are the same as 
those in the optical disc apparatus of the foregoing first 
embodiment, their descriptions are omitted here 

On the other hand, if the system controller 22 deter- 
mines that the disc in the loaded cartridge 2 is the first 

fh, iT- ^ ;L ? f hutter 51 is °P" ed ^ d ^e second 

' ,on , k 15 fl^- In th= ,bove " te - « tfa = transmis- 
s.on light and the reflected light by the first beam split- 
ter 34, the reflected light is shut out by the second shut- 
ter 52 and only the transmission light casses through the 
firs shutter 51 and is converged onto the optical disc 1 
by the first objective lens 36. Toe other operations are 
executed m a manner similar to those in the case of the 
second optical disc. 

As mentioned above, according to the third embodi- 
ment, in addition to the effects by the second embodi- 
ment, since the first and second shutters £1 and 5"> are 
provided as light fiu.T selecting means, the semiconduc- 
tor laser, colhmating lens, beam splitter, detecting lens 



12 

and photo detector in each of the converging optical 
system can be commonly used and the size and weight 
of the optica] head can be reduced. Therefore, assuming 
that a driving force of the linear motor is the same, the 
improvement of the performance such as reduction of 
the seeking time and the like can be realized. 

FIGS. 9 A and 9B show a detailed constructional 
diagram of an op deal head of an opftcal disc apparatus 
in the fourth embodiment of the inv/ntion. In FIG. 9A, 
since the optical disc I, first semiconductor laser 32* 
first collimating lens 33, first beam splitter 34, second 
objective leas 46, first detecting Idns 37, and first photo 
detector 3S arc constructed in a rntnner similar to those 
in the foregoing fourth optica] Head 50, their descrip- 
tions are omitted here. Refcrenci numeraJ 56 denotes a 
Jens holder to hold the second objective lens 46- 57 an 
actuator to which the lens holder 56 is' attached* 54 a 
wave front correcting lens aJached to a slider 55 
which will be explained herein/ater, so that the optical 
axis is in parallel with the o/ticaJ axis of the second 
objective lens 46; and 55 theilidcr which supports the 
wave front correcting lens 5ft and is arranged so as to 
transverse in the plane whi/th is perpendicular to the 
light flu* between the firs/ beam splitter 34 and the 
second objective lens 46, /hereby enabling the wave 
front correcting lens 54 t J be moved in such a plane 
Moreover, such a movable range is set to a position 
(shown by P, in the diagram) where the wave front 
correcting lens 54 is perfectly deviated out of the light 
flu* or a position (shoW by P 2 in the diagram) where 
the optical axis of the sifter 55 coincides with the opti- 
cal aAis of the second objective lens 46, The above-men- 
■Honed component clemfents are attached to a base (not 
shown) and construct i fifth optical head 53. 
^ FIG. 9B is a plan vi£w when the wave front correct- 
ing lens 54 and the slider 55 arc seen from the direction 
of the optical axis. In rfbe diagram, the Jens 54 is movable 
in the directions shdwn by arrows. The wave front 
correcting lens 54 his been designed in a manner such 
that a synthetic opt/cal system with the second objec- 
tive lens 46 is idendcaJ to the foregoing firs: objective 
lens. That is, the jens 54 has been designed so as to 
correct the aberration by the disc substrate of th- fint 
optical disc. In life fifth optical head 53, the second 
objective lens 4d constructs the second converging 
optical system mentioned in the second embodiment of 
the invention together with the firs: semiconductor 
laser 32, first collimating lens 33, and first beam splitter 
34 and can be alsfo regarded such that they construct the 
first converging optica] system by adding the wave 
front correcting lens 54 to the second converzine onti- 
cal system, K 

Since a whole construcrion of the optical disc appara- 
tus in the fourth embodiment is substantially the same as 
that of the optical disc apparatus of the third embodi- 
ment shown in FIG. 7 mentioned above, its descriotion 
is omitted here. 

The operation of the optical disc apparatus in th- 
fourth embodiment with the above construction will 
now be desenbed hereinbelow with respect to onjy the 
fifth opncaJ head 53. The idnd of optical disc is de:e-£ed 
in a manner similar to the above. If the system control- 
ler 22 determines that the disc in the loaded cartridge 2 
is the second optical disc, the controller 22 gene-a^ a 
control SI gnaJ to the slider 55. When the control signal 
is supplied, the slider 55 moves the wave front correct- 
trig lens 54 to the position P,. The laser beam emitted 
from the first semiconductor laser 32 is converted into 
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the parallel light by the first collimating lens 33 and is 
reflected by the first beam splitter 34 and is converged 
onto the optical disc 1 by the second objective lens 46 
IHe light reflected by the optical disc 1 is again con- 
verted into the parallel light by the second objective 
Jens 46. The parallel light passes through the first beam 
splitter 34 and is converged onto the first photo detec- 
tor 3fl by the first detecting lens 37. The first photo 
detector 3S generates a photo detection signal in a man- 
• ner similar to the above. The above operations are exe- 
cuted until the optical disc 1 is unloaded. 

•k On t thc I 0thcr hai3d > if the system controller 22 decides 
that the disc in the loaded cartridge 2 is the first optical 
disc, the shder 55 moves the wave front correcting lens 
54 to the potion P 2 . Tnus, the laser beam emitted from 
the first semiconductor laser 32 passes through the 
wave front correcting lens 54 and the second objective 
ens 46 and is converged onto an information track on 
the optical disc 1 without an aberration. Thus, the oper- 
ations similar to those in the case of the second optical 
disc are executed. 

As mentioned above, according to the embodiment 
in addition to the effects by the second embodiment 
since the wave front correcting lens 54 serving as an' 
aberration correcting means is held by the slider 55 and 
is movably arranged, the objective leas can be com- 
monly used and a total mass which must be moved bv 
•the actuator 57 can be reduced. Tnus, a burden to the 
driving force of the actuator can be reduced and a low 
electric power consumption can be accomplished 

The optical head 50 in the fourth embodiment has the 
second objective lens 46 corresponding to the optical 
disc having the disc substrate of the thickness d 2 and 
further, corrects the aberration to the optical disc hav- 
ing the disc substrate of the thickness d. by the wave 
front correcting lens 54. However, an opposite con- 
struction can be also used. Namely, the above effect is 
also derived by a construction such that the first objec- 
tive lens 36 corresponding to the optical disc of the disc 
substrate of the thickness d, is used in place of the sec 
ond objective iens 46 and a wave front correcting lens 
wnicn has been designed so as to correct the aberration 
due to the disc substrate of the thickness d : is provide- 
Although the above three embodiments have been 
descnoed with respect to the case where there are two 
lends of thicknesses of the disc substrates, the invention 
can be also applied to the case of three or more kinds of 
thicknesses of the disc substrates. In such a case th- 
nurnber of optica] elements such as objective lenses' and 
the like is increased in accordance with the number of 
kinds of thicknesses of the disc substrates. With respec* 
to the discriminating means of the optical disc, three or 
more kinds of optical discs can be discriminated by for 
instance, checking a plurality of discrimination holes 
which are formed in the cartridge. For example, bv 
tonmng n discriminating holes. I* kinds of optical disc's 
can be discriminated. 

Further, although the discrimination hole 7 formed 
on the cartridge 2. the LED S. and the photo diode 9 
have been used as disc discriminating means, paints of 
different reflectances can be also coated onto the sur- 
face of the cartridge 2 in place of the discrimination 
hole or a mechanical switch or the like can be also used 
ui place of the LED and the photo diode. 

Further, a difference between thicknesses of the disc 
substrates can be also directly discriminated by a re- 
flected laser beam from the discs without using the 
cartridge. For example, in the case of the converging 
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optical system corresponding to the thin disc substrate, 
a tracking error signaJ cannot be ordinarily obtained 
from an optical disc of a thick disc substrate due to a 
spherical aberration of the converging beam. Conse- 
quently, two optical discs having different thicknesses 
can be discriminated by checking the presence or ab- 
sence of the tracking error signal. In such a case, there 
is an excellent efTec: such that the apparatus is simplified 
because there is no need to use the detecting means such 
as LED and photo diode and the like 

The optical head in each of the above-described opti- 
cal disc apparatuses has been constructed by a conven- 
tional optical system using the objective lens made of a 
quartz glass or the like. An optical head in each of opti- 
cal disc apparatuses of embodiments, which will be 
explained hcreinlater. differs from the above optical 
head and is constructed by forming an'optical system 
onto a thin film waveguide. 

FIG. 10 is a block diagram showing a construction of 
an optical disc apparatus according to the fifth embodi- 
ment of the invention. Further, FIG. 11 is a schematic 
perspective view showing a construction of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invention. Since a construction shown in 
FIG. 10 is substantially the same as that of the optical 
disc apparatus in the second embodiment of the inven- 
tion shown in FIG. 5 except that a sttth optical head 60 
is used, its description is omitted here. The sixth optical 
head 60 shown in FIG. 11 will now be described in 
detail hereinbeiow. 

In FIG. 11, reference numeral 1 denotes the same 
optical disc as that described Ln the foregoing embodi- 
ments. Reference numefai 200 denotes an information 
track formed on the op/icai disc 1. Reference numeral 

61 denotes a substrate formed by LiNbOj or the like. 
The substrate 61 is attached to a head base through "a 
focusing actuator and/ a tracking actuator and con- 
structs the sixth opticii head 60 together with them. 
Since the focusing actuktor, tracking actuator, and head 
base which have conventionally been well known can 
be used as those components, their detailed description 
and the drawings are imitted here. Reference numeral 

62 denotes an optical/ waveguide formed on the sub- 
strate 51 by Ti difTusifcn or the like; 63 a firs; semicon- 
ductor laser coupled to an edge surface of the optical 
waveguide 62; and 64 a first waveguide lens arranged 
on an optical path of" the waveguide light which has 
been emitted from thfc first semiconductor laser 63 and 
entered the opticaJ wkveguide 61. For instance, a Fres- 
nel lens formed by anleJcctron beam lithograofay can be 
used as a Jens 64. Reference numeral 65 denotes a firs: 
converging grating cfoupicr formed on the optical path 
of the parailei wavefeuide light. The coupier 65 emits 
the waveguide Light/to a position out of the optical 
waveguide 62 and converges onto the optical disc 1. 
The first convcrgint grating coupler 65 is a grating 
havmg a chirp (irregular period) by a curve formed on 
the waveguide by elfcctron beam direct drawing or the 
like. Reference numeral 66 denotes a first beam sclitter 
which is arranged between the first waveguide lens 6-4 
and the first converting grating coupler 65 and sepa- 
rates the waveguide light which has been returned into 
the optical waveguifae 62 through the first converging 
grating coupler 65 ifter it had been reflected bv the 
optical disc 1. Reference numeral 67 denotes a' firs: 
waveguide convergng lens which is arranzed on the 
optical path of the return waveguide light "which has 
been separated by ^he first beam splitter 66 and con- 
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verges the return light. Referende numeral 68 denotes a 
first photo detector which is coupled to the side surface 
of the optical waveguide 62 knd detects the return 
waveguide light which has bedh converged by the first 
waveguide converging lens 671 
~7 Similarly, reference nutacra/ 69 denotes a second 
* semiconductor laser coupled to the edge surface of the 
optical waveguide 62; 70 a second waveguide lens ar- 
ranged on the optica] path of ihe waveguide light which 
has been emitted from the sicond semiconductor laser 

69 and entered the optica] waveguide 61; and 71 a sec- 
ond converging grating coJpier formed on the optical 
path of the parallel waveguide light. The coupler 71 
emits the waveguide light tjb a position out of the optica] 
waveguide 62 and converges onto the optical disc 1. 
Reference numeral 72 defcotes a second beam splitter 
which is arranged between the second waveguide lens 

70 and the second converging grating coupler 71 and 
separates the waveguide/light which has been returned 
into the optical waveguifce 62 through the second con- 
verging grating coupler ffl after it had been reflected by 
the optical disc 1. Reference numeral 73 denotes a sec- 
ond waveguide converting lens which is arranged on 
the optical path of the rfcturn waveguide light which has - 
been separated by the Second beam splitter 72 and con- 
verges the return wavfeguice light. Reference numeral 
74 denotes a second pifioto detector which is coupled :o 
the side surface of the/optical waveguide 62 and detects 
the return waveguid£ light converged by the second 
waveguide converging lens 73. 

A curve chirp grating of the first converging grating 
coupler 65 has been designed in a manner such that, for 
instance, NA=CU5 and the emission light can be con- 
verged until a diffraction limit and the aberration due to 
the disc substrate of the ihickness di can be corrected. 
The second converging grating coupler 71 has been 
designed in a manner such that, for example, NA =0.3 
and the aberration due to the disc substrate of the thick- 
ness di can be corrected. 

The fust and second beam splitiere 66 and 72 are 
attached at positions which are deviated so that the 
reflected light of each beam splitter does not enter the 
other beam spiitter as a stray light. 

Such an optical waveguide and a waveguide type 
device have been described in detail in, for example, 
Nishihara, Haruna, and Samara, "Optical Integrated 
Circuit", Ohm Co., Ltd., 19S<, or the like. In the inven- 
tion, both of the above well-known optical waveguide 
and waveguide type device can be used in the optical 
waveguide 62 or the like. 

The operation of the opucal head in the fifth embodi- 
ment with the above construction will now be described 
hereinbeiow. 

If the optical disc 1 is the first optical disc, the driving 
current is supplied to the firs: semiconductor laser 63. 
Then, the laser 63 emits a laser beam from one edge 
surface of the optical waveguide 62. The laser beam 
propagates as a waveguide light. The waveguide light is 
converted into the parallel light by the first waveguide 
lens 64. The parallel light transmits the first beam "split- 
ter 66 and subsequently enters the first converging grat- 
ing coupler 65. "The coupler 65 extracts the parallel light 
out of the optical waveguide 62 and converges onto the 
information track 200 on the first optical disc 1. The 
reflected light from the disc surface again enters the 
optical waveguide 62 through the first converging grat- 
ing coupler 65 and propagates as a return waveguide 
light in the opposite direction. Further, the return 
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waveguide light is reflected in the direction of the first 
waveguide converging lens 67 in the first beam splitter 
66. The lens 67 converges the return waveguide light 
onto the first photo detector 68. The first photo detec- 
tor 69 detects the information signaJ and the servo sig- 
nals such as focusing error signal, tracking error signal 
and the like which have been recorded on the first opti- 
cal disc 1 on the basis of an intensity and an intensity 
distribution of the return waveguide light and generates 
to the outside. By modulating the driving current which 
is supplied to the first semiconductor Jaser 63, the sixth 
optical head 60 emits the intensity modulated laser 
beam thereby recording or erasing the information 
signal onto/from the first oprical disc 1. 

On the other hand, if the optical disc 1 is the second 
optical disc, the operations similar to those in the case of 
the foregoing first optical disc arc executed by the sec- 
and semiconductor laser 69, second waveguide lens 70 
second converging grating coupler 71, -second beam' 
splitter 72, second waveguide converging lens 73, and 
second photo detector 74. 

The substrate 61 is supported from the head base by a 
focusing actuator and a tracking actuator. The position 
of the substrate 61 itself is controlled bv the foregoing 
servo signals so that the laser beam is accurately irradi- 
ated onto the information track 200 on the disc 

According to the fifth embodiment as mentioned 
above, by providing the first converging grating cou- 
pler 65 wruch is formed on the optical waveguide 62 
and corresponds to the thickness of the disc substrate of 
the first optical disc and the second converging grating 
coupler 71 which is formed on the optical waveguide 62 
and corresponds to the thickness of the disc substrate of 
the second optical disc, a desired one of Lhe couplers 65 
and 71 can be independently used in accordance with 
the kind of disc, so that the aberration of the converged 
spot can be corrected in accordance with the thickness 
or the disc substrate and the signal can be preferably 
recorded, reproduced, or erased. Moreover, since the 
optical waveguide device having the converging grat- 
ing couplers is used, the size and weight of the optical 
head can be reduced. 

Although the thickness of the disc substrate has be-n 
set into two kinds of thicknesses in the fifth embodi- 
ment, the invention can be also applied to three or more 
kinds of thicknesses of disc substrates. In such a case, 
ihc number of component elements on the substrate 61 
is increased in accordance with the number of thick- 
nesses. 

In the sixth optical head 60, either one of the semicon- 
ductor lasers has been allowed to emit the light. How- 
ever, it is also possible to allow both of the semiconduc- 
tor lasers to simultaneously emit the lights. In such a 
case, by designing two converging grating couplers for 
the optical disc having the same substrate thickness, rw 0 
tracks on the optical disc 1 can be simultaneously repro- 
duced or recorded. Thus, there is an excellent effect 
such that the reproducing or recording transfer spe-d 
can be doubled. 

FIG 12 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the suth embodiment of the inven- 
tion. 

In the diagram, the sixth embodiment has substan- 
tially the same construction as that of the sixth optical 
head 60 shown in FIG. 11 except a third beam splitte- 
81 and a waveguide mirror 82 and the same pans and 
components as those shown in FIG. 11 axe designated 
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by the same reference numerals. That is, an optica] head 
of the sustn embodiment, namely, a seventh optical head 
80 is constructed in the following manner. In place of 
the second semiconductor laser 69 and the second 
waveguide Jens 70 in the sixth optical head 60 shown in 
FIG. 1, the third bean splitter 81 is arranged on the 
optical path between the waveguide lens 64 and the 
beam splitter 66. In the two waveguide lights divided by 
the third beam splitter 81, the waveguide mirror 82 is 
arranged in the direction of the waveguide divided in 
the direction different from the direction of the first 
beam splitter 66 and the position of the mirror 82 is set 
to a position where the waveguide light reflected by the 
waveguide mirror 82 passes through the second beam 
splitter 72. 

The operarion of the seventh optical head 80 with the 
above construction will now be described hereinbelow 
The driving current is supplied to the first semicon- 
ductor laser 63. The laser 63 emits a laser beam from 
one edge surface of the optical waveguide 62. The Iase- 
beam propagates as a waveguide light. The waveguide 
light is converted into the parallel light bv the first 
waveguide lens 64 and is divided into the transmission 
lignt and the reflected light by the third beam splitter 
81. The transmission light is transferred to the first con- 
verging grating coupler 65 through the first beam split- 
ter 66. The reflected light is reflected bv the waveguide 
mirror 82 and enters the second converging grating 
coupler 71 through the second beam splitter 72. The 
subsequent operations are executed in a manner simile 
to those of the sixth optical heat 60 in the fifth embodi- 
ment of the invention. 

According to the sixih embodiment as mentioned 
above^in addition to the effects by the foregoing fifth 
embodiment, by dividing the waveguide light emitted 
from one semiconductor laser into two lights by the 
third beam splitter 81 and guiding to the respective 
converging grating couplers, the number of semicon- 
ductor iasers which arc used can be reduced. 

Although the sixth embodiment has bee~n described 
on the assumption that the number of thicknesses of the 
disc substrates is set to two lands of thicknesses, the 
invention can be also applied to three or more lands of 
thicknesses of the disc substrates. Now, assuming that 
the number of kinds of thicknesses of the disc substrates 
is equal to N, it is sufficient to use N converging zratine 
couplers and (N-l) beam splitters for dividing the 
waveguide light emitted from the semiconductor Iase~ 
To equalize all of light quantities of the laser beams 
which are converged onto the discs, it is preferable to 
design the beam splitters so as to se: division ratios of 
tne light quantities of the beam splicers as follows. 

1 : N - \ 
1 : A' — 2 
1 : .V - j 



1 : I 



FIG. 13 is a schematic perspective view showing a 
construction of an optical head of an optical disc appa- 
ratus according to the seventh embodiment of the in- 
vention. FIG. 14 is a block diagram showing a construc- 
tion of the optical disc apparatus. 
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A construction of the optical head in FIG. 13 will be 
first described in detail. 

In the diagram, since the opticaj disc 1, information 
track 200, substrate 61, optical waveguide 62, first semi- 
conductor laser 63 and first waveguide lens 64 are fun- 
damentally identical to the component elements in the 
seventh optical head 80 shown in FIG 12, their detailed 
descriptions are omitted here. Reference numeral 91 
denotes an SAW (surface acoustic wave) transducer 
arranged on the optical waveguide 62 so that a surface 
acoustic wave generated by the SAW transducer 
crosses the optical path of the waveguide light emitted 
from the first waveguide lens 64. The SAW transducer 
91 is constructed by a cross finger electrode comprising 
a piezoelectric transducer of ZnO or the like. Reference 
numeral 92 indicates a surface acoustic wave generated 
by the SAW transducer 91; 96 a third converging grat- 
ing coupler formed on the optical path of the wave- 
guide light which has been diffracted by such a surface 
acoustic wave 92 and propagates in the first direction; 
and 97 a fourth converging grating coupler which is 
likewise formed on the opticaj path of the waveguide 
light propagating in the second direction. Each of the 
couplers 96 and 97 emits the waveguide light to a region 
out of the optical waveguide 62 and converges onto the 
optical disc 1. Reference numeral 93 denotes a fourth 
beam splitter which is arranged between the first wave- 
guide lens 64 and the progressing path of the surface 
acoustic wave 92 and reflects the waveguide light re- 
turned into the opticaj waveguide 62 through the third 
or fourth converging gracing couplers 96 and 97 after it 
had been reflected by the optical disc 1. Reference 
numeral 94 denotes a third waveguide converging lens 
which is arranged on the opticaj path of the return light 
reflected by the fourth beam splitter 93 and converges 
the return light and 95 indicates a third photo detector 
which is coupled to the side surface of the optical wave- 
guide 62 and detects the return light converged by the 
third waveguide converging lens 94. 

The above SAW transducer has also been described 
in detail in the foregoing "Optical Integrated Circuit" 
or the like and both of the well-known optical wave- 
guide and waveguide type device described in the 
above literature can be also obviously used. 

The operation of the optical head m the seventh em- 
bodiment with the above const ruction will now be de- 
scribed hereinbelow. 

The first semiconductor laser 63 emits a laser beam 
from one edge surface of the optical waveguide 62. The 
laser beam propagates as a waveguide light. The wave- 
guide light is converted into the parallel light by the 
first waveguide lens 64 and transmits through the fourth 
beam splirter 93. After that, the light transverses the 
surface acoustic wave 92 generated from the SAW 
transducer 91. At this time, the propagating direction of 
the parallel waveguide light is changed by an acoustic 
optical interaction with the surface acoustic wave 92. 
Since a deflection angle at this time changes in accor- 
dance with a frequency of the surface acoustic wave 92, 
the waveguide light can be propagated in any one of the 
directions of the third and fourth converging grating 
couplers 96 and 97 in accordance with frequencies of 
high-frequency voltages which arc applied to the SAW 
transducer 91 from the outside (it is'now assumed that 
the frequencies of the high-frequency frequency volt- 
ages are set to f| and f 2 , respectively). In the case of the 
first optical disc, therefore, the high-frequency voltage 
of the frequency f ( is applied to the SAW transducer 91 
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from the outside, thereby allowing the parallel wave- 
guide light to enter the third converging grating cou- 
pler 96. The third converging grating coupler 96 ex- 
tracts the parallel waveguide light to a region out of the 
optical waveguide 62 and converges onto the informa- 
tion track 200 on the first optical disc 1. The reflected 
light from the disc surface again enters the optical 
waveguide 62 through the third grating coupler 96 and 
' propagates as a return waveguide light in the opposite 
direction. The progressing direction of the waveguide 
light is changed by the surface acoustic wave 92 and, 
after that, the waveguide light is reflected in the direc- 
tion of the third waveguide converging lens 94 by the 
fourth beam splitter 93. Tne third waveguide converg- 
ing lens 94 converges the return light to the third photo 
detector 95. The third photo detector 95 detects the 
information signal and the servo signals such as focusing 
error signal, tracking error signal, and the like which 
have been recorded on the first optical disc 1 on the 
basis of an intensity and an intensity distribution of the 
return light and generates to the outside. By modulating 
the driving current which is supplied to the Tint semi- 
conductor laser 63, an eighth optical head 90 emits the 
intensity modulated laser beam, thereby recording or 
erasing the information signal onto/from the first opti- 
cal disc 1. 

On the other hand, in the case of the second optical 
•disc, the high-frequency voltage of the frequency f 2 is 
applied to the SAW transducer 91 from the outside, 
thereby allowing the parallel waveguide iight to enter 
the fourth converging grating coupler 97. The subse- 
quent operations are executed in a manner similar to 
those in the case of the first opticaJ disc. 

"The substrate 61 is supported from the head base by a 
focusing actuator and a tracking actuator (not shown). 
The position of the substrate 61 itself is controlled by 
the servo signals so that the laser beam is accurately 
irradiated onto the information track 200 on the disc* 
An optical disc apparatus having the eighth opticaJ 
head 90 mentioned above will now be described with 
reference to FIG. 14. 

In the diagram, the optical disc I. cartridge 2, first 
linear motor 4, discrimination hole 7, LED 8, photo 
diode 9, tracking control circuit 11, focusing control 
circuit 13, linear motor control circuit 15. spindic con- 
trol circuit 17, spindle motor 18, signal processing cir- 
cuit 19. LD driving circuit 20 and system controller 22 
arc the same as those in the opticaJ disc apparatus in the 
third embodiment according to the invention. Refer- 
encc numeral 90 denotes the eighth opticaJ head which 
is constructed by the waveguide substrate, focusing 
actuator, tracking actuator, head base and the like. Ref- 
erence numeral 85 denotes a constant voltage generat- 
ing circuit which receives a control signal from 'the 
system controller 22 and generates a predetermined 
voltage V,-. Reference numeral 86 denotes a V/f con- 
verting circuit which receives the voltage V,- from the 
constant voltage generating circuit 85 and generates a 
high-frequency signal cf a frequency f which is propor- 
tional to V,, The V/f converting circuit 86 generates a 
high-frequency signal of the frequency f| when the 
input voltage V, = Vi and generates a high frequency 
signal or the frequency f 2 when V,-=V 2 . Reference 
numeral 87 denotes an SAW driving circuit to acolv a 
hjgh-frequency voltage of the same frequencv ks the 
frequency f of the high-frequency signal supplied from 
the V/f convening circuit 86 to the SAW transducer 91 
of the eighth optical head 90. 
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The operation of the optical disc apparatus in the 
seventh embodiment with the above construction will 
now be described hereinbelow. 

First, if the cartridge 2 enclosing the second optical 
disc has been loaded into tbe optical disc apparatus of 
the seventh embodiment, the system controller 22 de- 
termines that the disc in the loaded cartridge 2 is the 
second optical disc by the detection signal of the photo 
diode 9, so that the controller 22 generates a control 
signal to the constant voltage generating circuit 85 so as 
to generate the voltage V 2 . The V/f converting circuit 
86 converts the input voltage V2 Into the frequency fz, 
so that the SAW driving circuit 87 applies the high-fre- 
quency voltage of the frequency f 2 to the SAW trans- 
ducer 91 of the eighth optical head 90. Therefore, in the 
eighth optical head 9G\ the laser beam is irradiated from 
the second converging grating coupler* 97 and is con- 
verged without an aberration onto the information 
track 200 on the second optical disc having the disc 
substrate of the thickness d 2 . At the same time, the third 
photo detector 95 of the eighth optical head 90 detects 
a focusing error signal and a tracking error signal from 
the reflected light from the optical disc and supplies to 
the tracking control circuit 11 and the focusing control 
circuit 13. Further, the information signal on the disc is 
supplied to the signal processing circuit 19 and the spin- 
dle control circuit 17. 

On the other hand, in the case of the first optical disc, 
the system controller 22 generates a control signal to 
the constant voltage generating circuit 85 so as to gen- 
erate the voltage Vj. The V/f converting circuit 86 
converts the input voltage V t into the frequency fi, so 
that the SAW driving circuit 87 applies the high-fre- 
quency voltage of the frequency fj to the SAW trans- 
ducer 91 of the eighth optical head 90. Therefore, in the 
eighth opricai head 90, a laser beam is emitted from the 
first converging grating coupler 96 and is converged 
without an aberration onto the information track 200 on 
the first optical disc having the disc substrate of the 
thickness di. The other operations are executed in a 
manner similar to these in the case of the foregoing 
second optical disc 

According to the embodiment as mentioned 3bove, in 
addition to the effects of the above sixth embodiment, 
the number of semiconductor lasers which are neces- 
sary b the eighth optical head 90 is only one and each 
of the converging grating couplers does not simulta- 
neously emit the laser beam, so that an emission power 
of the semiconductor laser can be efficiently taken out 
of the converging grating coupler. That is, the optical 
head having a transfer efficiency better than that of the 
seventh optical head 80 in the foregoing sixth embodi- 
ment can be provided. 

Further, by arranging the fourth beam sputter 93 
between the waveguide lens 64 and the SAW trans- 
ducer 91, the return lights from the two converging 
grating couplers can be detected by one photo detector. 

Although the number of thicknesses of the disc sub- 
strates has been set to two kinds of thicknesses in the 
embodiment, the invention can be also obviously ap- 
plied to three or more kinds of thicknesses of the disc 
substrates. In such a case, the number of converging 
grating couplers is increased in accordance with the 
number of kinds of thicknesses and the optical paths are 
switched by the SAW transducer 91 in accordance with 
the increased number of such couplers. 

Art optical disc apparatus in the eighth embodiment 
of the invention will now be described. 
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FIG. 15 is a block diagram showing a construction of 
the optical disc apparatus in the eighth embodiment. In 
tiie diagram, reference numeraJ 1 denotes the first or 
second optical disc; 2 the cartridge; 4 the linear motor; 
7 the discrimination hole; 8 the LED; 9 the photo diode- 
13 the focusing control circuit; 15 the linear motor 
control circuit; 17 the spindle control circuit; 18 the 
spindle motor; 19 the signal processing circuit; 20 the 
dnvmg circuit; 22 the system controller; 85 the 
constant voltage generating circuit; 86 the V/T convert- 
ing circuit; and 87 the SAW driving circuit. The above 
component elements are the same as those in the optical 
disc apparatus in the seventh embodiment of FIG. 14 
and their detailed descriptions are omitted here. Refer- 
ence numeral 90 denotes an optical head which is sub- 
stantially the same as the eighth optical head 90 men- 
tioned above except that the optical head in the eighth 
embodunent docs not have a tracking actuator. There- 
fore, the optical head in FIG. 15 is also referred to as an 
exghth optical head 90 hereinafter for convenience of 
explanation. Reference numeral 100 denotes a tracking 
error detecting circuit which receives a tracking error 
signal from the third photo detector 95 of the eighth 
optical head 90 and generates a tracking error voltage 
Vnrto an adder 101, which will be explained hereinaf- 
ter. Reference numeraJ 101 denotes the adder. The 
voltage V r£ which is generated from the tracking error 
detecting circuit 100 and the voltage V ( - which is gener- 
ated from the constant voltage generating circuit 85 are 
supplied to the adder 101. so that the adder generates a 
voltage V 0 (VosVre+V,-) to the V/f converting cir- 
cuit 86. The V/f converting circuit 86, SAW driving 
circuit 87, tracking error detecting circuit 100, and 
adder 101 construct a tracking control circuit 102. That 
is, it is the inventive p Qm t of the eighth embodiment 
that the tracking control is executed by using the SAW 
transducer 91 of the eighth optical head 90. 

The principle of the tracking control of the eighth 
embodiment will now be described hereinbeiow with 
reference to the drawings. FIG. 16 is an enlarged sche- 
matic perspective view of the converging grating cou- 
pler, SAW transducer, and portion where a surface 
acoustic wave has been formed. The waveguide light 
which enters the converging grating coupler is oscil- 
lated between solid lines and broken lines in accordance 
with a microchange of the frequency of the surface 
acoustic wave. Such an oscillation angle is called a 
deflection angle (shown by 0). Therefore, the emission 
light from the converging grating coupler is also oscil- 
lated and the converged spot moves. Since the deflect- 
ing angle 8 changes in almost proportional to the fre- 
quency of the surface acoustic wave, by changing the 
frequency in accordance with the tracking error 
amount, the converged spot can be accurately posi- 
tioned onto the information track. 

The operation of the optical disc apparatus of the 
embodiment constructed as shown in FIG. 15 wiil now 
be described hereinbeiow. First, if the disc in the loaded 
cartridge 2 is the second optical disc, the system con- 
troller 22 controls the constant voltage generating cir- 
cuit 85 so as to set the output voltage V,- into V 2 The 
output voltage V TE of the tracking error detecting cir- 
cuit 100 has been initialized to "0". The adder 101 adds 
the voltages V,- and V TS and generates the voltage V 0 
(=V 2 ) to the V/f converting circuit 86. The V/f con- 
verting circuit 86 changes a frequency f, of an output 
signal in accordance with the input voltage V 0 . The 
optical disc apparatus ha_s been designed in a manner 
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such that the signal of a frequency f f ( = f 1 ) is generated 
when V 0 = V! and the signal of a frequency f,( = f 2 ) is 
generated when V 0 =V 2 and the frequency f, changes in 
proportion to the input voltage V 0 . Therefore, the V/f 
converting circuit 86 supplies a high-frequency signal of 
the frequency f 2 to the SAW driving circuit 87. The 
SAW driving circuit 87 applies a high-frequency volt- 
age of the frequency f 2 to the SAW transducer 9X of the 
eighth optical head 90. In the eighth optical head 90, 
consequently, the laser beam is e aimed from the fourth 
converging grating coupler 97 and is converged with- 
out an aberration onto the information track on the 
second optical disc. At the same time, in the eighth 
optical head 90, the reflected light from the disc is de- 
tected by the third pbcto detector 95. A tracking error 
signal is suppiied to the tracking error detecting circuit 
100, A focusing error signal is supplied to the focusing 
control circuit 13. The information signal is supplied to 
the spindle control circuit 17 and the signal processing 
circuit 19. The tracking error detecting circuit 100 pro- 
duces the tracking error voltage V73 in accordance 
with a track deviation amount of the converged spot on 
the information track 200 and supplies to the adder 101. 
The adder 101 sends the output voltage V 0 =V 2 -f-Vr£ 
to the V/f converting circuit as mentioned above. In 
accordance with the output voltage Vq, the output 
signal frequency f r of the V/f convening circuit $6 is 
deviated from the frequency f 2 by a value correspond- 
ing to the tracking error (assumes dj). As mentioned 
above, when the frequency of the driving voltage to the 
SAW transducer 91 changes, the emitting position of 
the light from the fourth converging grating coupler 97 
changes and the position of the converged spot on the 
optical disc 1 changes for the track. Therefore, by set- 
ting a convening equation between V 0 and f, of the V/f 
converting circuit S6 so as to allow the converged spot 
on the optical disc 1 to approach the track, the tracking 
error is eliminated. The other operations are executed in 
a manner similar :o those of the optical disc apparatus in 
the seventh embodiment 

On the other hand, in :hc case of the first optical disc, 
the system controller 22 controls the constant voltage 
generating circuit 85, thereby setting the output voltage 
Vfinto Vj, Thus, the V/f convening circuit $6 gener- 
ates a high-frequency signal of the frequency fj to the 
SAW driving circuit 87 and the SAW driving circuit 87 
applies a high-frequency voltage of the frequency f\ to 
the SAW transducer 91 of the eighth optical head 90. 
Consequently, in the eighth optical head 90, the laser 
beam is emitted from the third converging grating cou- 
pler 9$ and is converged 'without an aberration onto the 
information track 200 on the first optical disc. At the 
same time, the tracking error detecting circuit 100 
supplies the tracking error voltage V r rto the adder 101 
from the input signal T\. Tne input voltage of the V/f 
convening circuit 86 is set to V 0 = V l -i- Vj^ and the 
tracking error can be eliminated in a manner similar to 
the case of the second optical disc. 

FIG. 17 is a graph showing the principle of the track- 
ing control of the embodiment and shows the relations 
among the V 0 and f, and the deflection angle of the 
waveguide light in the eighth optical head 90. As shown 
in the graph, by varying the V 0 and f,by only an amount 
which is proportional to ;he tracking error signal from 
V!, accordingly, f| as a center in the case of the first 
optical disc or by only an amount which is proponional 
to the tracking error signal from V 1, accordingly, f 2 as 
a center in the case of the second optical disc, the oscil- 



